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(57)Abstract: 

PURPOSE: To obtain a high-quality GaN single crystal 
having enough thickness to be usable as a substrate 
singly. 

] CONSTITUTION: This GaN single crystal is such that 
the full width at half maximum in its double crystal 
X-ray rocking curve stands at 5 250sec and its 
thickness >80pm. This single crystal can be obtained 
by film formation, as buffer layers, of a substance good 
in the lattice conformity with the GaN single crystal on 
a substrate with at least its surface representing GaN 
single crystal and then by crystal growth of the aimed 
GaN. There are two alternatives in this production 
method depending on the method of removing the 
buffer layers: one method is as follows: the 
above-mentioned crystal growth cycle is repeated desired times and laminates are formed on 
the substrate PO and then the respective buffer layers Bl Bn are removed at a time to obtain 
GaN single crystals PlPn,* the other method is as follows: a buffer layer is removed at every 
cycle and the above-mentioned crystal growth cycle is repeated for a GaN single crystal singly 
at all times. These two alternative methods may be combined with each other. 
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5~~250sec T * 0 . 80(i 
UStftS G a N *t£S. 

[ Ift&g 2 ] 4>fc < £ <> G a N SMS * 4 £ 
«±(CG a N^e B B i©t«^|g^tt(DaW^«3M^g|«i 
>&6 $ itX v V r M t U/c±tC G a N £i£&/&g 3 if 
TG a N»ttft=fefi-SJGB^W-rS . GaNjK^igtftt 
IW ^rfltfi g it 5 tcltXDmm t U i> G a NttlSAOI&i 

(HMOS 3] ^<ifea»5GaN#8 0 H a t*5I 
«Jz«:G a Nm^eliCtS^^ttOSiif «c^»*»J^ 
fSfi S ti-T ^ ? V 7 m t Ltc±iC G a N £*SSJ&g;* if 
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ic&s (77 7 |«ib. G a N mhCt^km 

[ 1§*JI 4 ] 4>ft < £ i> il*s G a N 3MSBT £> -2> g 
KiKG a N#ttB±©*8^£tt©&»tt«mtSg| 
ffig3tt»-^.7iil fc±tc G a N £J£ B B B ;$&;* it 
TG a N$USS*»4I«* 1 HKD&HJiJcglM ^£ 
U ff 6>n/cG a N#*SB£*frfctt*fi& bt±ieM 8 H B 

i^U^C^' ? 7 7l?:liL, G a N^B^rff 5 
C £ i^GaN m&gk<Dmik-X&. 
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is ft • 5Bia^6cfewsf r -^ffiSrfi]±<DS*tc<t 

r*£GaNS#*Sa#«B3*iTl»*. GaNd ii; 10 
©g*tC»JS&#&r*&. GaNiJ, *£aj& 

8K±^<7\ MOVPE (Metal Organic Vapor Phase 
Epitaxy ) ^/c(JMBE (Molecular Beam Epitaxy) CC 20 

*4sa*flEfis-&**ffi*«H?ssn (pan Applied 

physics letter Vol.61 (1992) p. 2688 ) . GaNlK 
©ffiS!3&SpJffiCC&o/c. CCDGa NS«±tC|5«<DGa 

[0003] 30 
[&*Mm®:L£>>±?Z>mm) ±C*>*\ ±IBZnO 

v&ztctb, &z no mtm&mcDm&Fmt 

^tcI D D pI^ G a N i>m h tiU ^ <b C > 5 P4S^ * 
£/c, Ka^nn^cG a Ni^O^B^f 

>^^7-^<D^fii±iPI (full width at half-maximumof 
the double-crystal X-ray rocking curve) ^1 0 0 40 
s e cSK. ^fflr<DMobility «6 0 0 c m 2 /V S 

r. GaN$ttSa**£©S«a>6#BU WAtf** 

o/c„ ZOtctb. GaNi^Mt^il^t fci 
(7)IS±tcM^ n/cttSS<DS &fflt> & c <h *3H8tc < 

<bl>^. Sfc. ±fB<DJ:^CZnO^:7 7JI±Cc\ H 50 



VPE (Hydride Vapor PhaseEpitaxy ) J: o "C J&g 

^iienrci/c^ ^(D&mz^m^z&s oosec 
[0004] ^rnxomMte. m&m^m^x. * 

iltit^Ci # BJtBft C5 Z+fttzmfr 5Ga 
N**Sfi©*ffi;tfoJtBfc. GaN*teaoKJfi55ift*» 

[0 00 5] 

[Sa^«?»t^/c^(Z)fg] GaNf 

fc. h&WtVVr JT&W$<DJ:5tj:GsLNlUft<Dm 

CCG a N^I£ H B H chO^^^tt^M»^^M^S0^g 
3tT^7 77l(!:l, C©±tCGaN^:*£S«SS-t* 
SCittcfcoT. J:0Sa a D McDGa N#tSSJW#6tt* 
Ci v J:^KG a Nm B a Wc^ltc I, nif 

<fc*>tc\ ^77 7»IcGaNi^?cI^xt^ty 
+ ^SS^^C<t*«gOig-riCj£DrGa N4M8a# 

[0 00 6 ] #3HB©G a NJMSSfc cfct>*^<^i£:fri£ 

(1) 2ttFAj£XffiP >+>^-^CD^fii±ta^5^2 
50 sect?* 9, m&&8 0 /xmJW±t?*^ 

iGaN$8 H H Be 

(2) d>tt< <bfe*ffi*«GaN^*£S-e*^StE±CCGa 
^ ? 7 7 i <b LfcltCG a NiftSlSSSlf t G a N# 

<ag3#£fcafrcjg«<httS G a N 

(3) 4>«C < <t fcSWG a NmMS"C*^S*±CCG a 

>< v 7 7 m t L /cJi^c G a N €r*SSgcS ^ttGaNi 

^a«#4xg*iisia>«a0Efiif-f ^ji/ii/. 

/cG a N#^±tC±aaSafiSfi1f^ < t h 

7i*iL, GaN*BB4»5C<bS»»if5G 
aN^M B B B CD^ii^ e 

(4) d>tt < <b tai^G a N**SSr*-5Sfi±CCG a 
/^7 7 BiL/fc±tCGaN*tSS«SSttGaN$ 
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tcG a N#«Sa*»r/c«cS«<t LT±IEIS»ficft*-f * 

tC/< ? 7 t Jf L/ , G a N^ISS SrfS 6 C <t 
itiGa hWISjKDHjgtfffi. 
[0 00 7] 

©aWiGaNOISajafiiiSESk:. *fc. IM*^ 
rc»4^<©(EtH[, «»^«&<*ftt t GaN©g B B a ^S 
ffi. ^/c«/^^^T^iGaNfSB B a ^S^i<7)^®-CrS 

CCJ: oT?#6ft£G a N^*SStt n a n H^S»r* 0 v * 
[0 00 8 ] 

^¥ffl^*I^5^2 5 0 s e cOfl£^Ti^n°lf&&<E> 

fro, *ttrSfiibrffli»5ci*s-c*5 

IB"Ctt, GaNm^e B H ^ a D nM^lft{iir^T/ce^(D^ffi<L 

urx«H*fffi*fflc^ c Office j:^T^sft£*fii 

^S(DI^ -9 1 G a N^ B s B ©o a D I d: I /c 0 Xtmtfr 

-o/c. 2^ B B a ^ffil^X^lHl^ffi(3:. Sf4©*8^»4 

tot > r « . X«iBfr 6 AJ* U /c X «** 1 *SSKi <fc 0 ift 
Stc^fe^tLr, *2Bft-C*5R»©G a N#tSA(c 
RK» 0 , C CDKf4*> <E> Hlfrr £ X SCO f - * £ <!: T 
5FWH IvI ( f ul 1 wi cith athal f-maximum) ^-ffi'j/E C 
tc 9 XBWMZCu k a, 3 0kV, 10mA 

TX8*lfe£S-l*fc. #6{fc<Z>/c«>(D»l «S«C G 
e (40 0) £ffll>/c 0 S'JSt*. GaN (0002) <D 

0 2* T'tf^feOi L/c. 

[0 00 9 ] *»WCC J:4 G a N^^WaScD^ffi 
CCOl>Tttf&$T£fe<D£ L> v #CCC<D<fc5&o D n!l<DG 

1 «**I8^)»JS^CCJ:SG a N*tSS<3[>JBflEXgO 

■BB**tt. flkfeBfUUctt. HiaxgiccTSTJ^Ct. 
4>tt< HiWGa Nmt£&X'ih2>m7)<D&foP 9 _h 
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6cGa Nm^Pstcom^m^i^mit^n^mm^^ 

XJiyVrBBi £ 0 /c±tC G a N itSSSESS i±T G 
[0010] *^HJC0G a N*^(DKjSj&ffitt, S 

f5)^xfi2 tcT^-r^^^c, xmivj&tfiztitc&m 

f^CDStSP, ±(CG a N^f^i^S^ft^M^ 
^SI^SSiftA^TlB, £J£l?£b/c±CCG 
aN«:*SSS<;fi3#GaN*BSJ:0&4S«P a £Jg 
^K^if^o C©aftI84, xaiSrlBBiKiLrtl- 
-Y^JUWtCnlpj^OilTC iCCj: ottlitCGa Niji 

JB*-Wc»*U GaNSMSBP, -P n 4»SUt 

^©GaNWBfliti^ir**. ±E#ttr 
■tttrfijir *fr, ««i&ii©fii±*sTWK«(cai ufcf£ 

[001 1 ] *«!»©Ga NmSS©KJS*ffi«. S 6 
tc, IsJSXH 3 (C^r^MC, Igl^^TlB, 
^UtGaN*BSP, , P, GaNf 
iUOfWHSP, SKSfP, ±8CGaN»IS 

B B ei Wrtl^II^l ^ 1 1 A' 7 

rlB, S:JfJ«EL/c±tCGaN^:*SSfiSSd#. v 7 
tJIB, iBSlTGaNififiP, . P 2 £#gtT 
^> 0 CO«^XfM«r. IS 1 £ 1 0@<t3&x_TlM^U 
Wtc n Isiei 0 ilT C <b tc J: o r G a N 4U£« P n ^ff 6 
*iZ> 0 **ffiW3Rfc«:»6nSGaN*l8a*siS 

1 If ^ ^^U»«C|»*L. *fr/c*tfS6Jh£GaNiiMS 
a«r«CCGaN#a©*efiiT4*ffir*S. 
jStCto^T ^±iax?12 tmmttC. Sb^dI^J:^? 

2o©GaN$gB s B ii mFntmtLxmmrzmc^ 

[0 0 12]*fc, 112, 3tC7Sb/c2o(D^fit«:aa 

om&<DaM.<D®&kte&&t,cmiRLX£l,\ 
[0 0 1 3 ] ±!2<DJ:5tC, *»W©GaN«B B H B <D» 

G a N(Df4B^^R$SBScSlf -Y l ft ^ ^ 
tWSl^. */c, A-y^TJB±^GaN€:fSS0EfiS 
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[00 15] if^vti«g(t J*£SfeJb(CCn 
cDfal * *'£«®t£att<Dl°J # CC * 5 o /c#*£S £ 

^k*?£b<. ^CCVPE (Vapor Phase Epitaxy) . 
HVPE, MOVPE, MBE. GS -MB E (Gas So 
urse MB E) . CBE (Chemical beam Epitaxy ) 

tt, 4$tC|K5cSnSfc<Z)"CWtt< . 3jctf>*GaN»Sa<D 
SRtOEDT, */c, i2«£TSGaN*Sa*«<Dtfca» 

5 ln3?ier'+^^^B B a n a D^ i tt 4 . 
[00 17] ±15, G a NCDJS B H a!Sfi©IB!<!:&o/cM 
?7 TM&Jj&tt&Jsmt* »6ft/cGaN3M£a*# 
SI L 5 4 fi&~e<hti tf J: 5 «c ^ffi-c* r> T fe ct c * 

[0018] ±I2'< * 7 rBlCJ1H>6ft£!&S«J, G a 

a N4^A^«-7«^ttOlU7«c4m^tt. IHMJHPCC 
*J»4a|*(Z>tt-7-3E»*s. G a Nmm&<D*rtilrC*t It 

(OfiFff LC^JiLT. ZnO^Pfe>n-5 a ZnOOa 
«<0»^-£tt ) «3 . 2 4 9 6 A"C* 

0. GaN0afi©l^a3. 18 9ACt*tLT + 

1. 9%<t. *»CCiS{RUfc*S^5eH[«:«iLT*J0. £ 

vVrmomMZ, 0. 0Um-10 0/imgE^ff 

[0019] ««J(DSfiPo 'Pte < £ fcSffitfG a 

aNfcW645Ga N**Sftco*a©»fi % */ctt. 
G a N^USaJB^:' 17 7 t HTK^ffi'JOfSffiCcWs" Oct: ^ 

a . *ffi/c w ^ g a n m*sar * 5 <t 5 a s«r * 4 . 

»*<MB^ GaN^$ a B efi^:ffi^T4»»^M<bUr 
tt, G a Nm&gk<Df&&&tZ ( 1 000-1 1 0 0*0 

-f7*sa*«. Silt, *a, ZnOlfi, Sici 

cne>»W«JHJb^<DGaN#tS 
a«<DJ&0Ett. MOV PES. MBE£fc£CCj:£#¥ 

[0 0 2 0] CGaN#^ B Q B co^jil|^^C>p D oMfiil^. 
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7»*jJ:c;GaN*lg H ^4:«^j5S:ft3l*r»jBL. 

«!IStt±Cc MOVPE»cJ:0GaN DM&a IS ^xt^ 
10 ^^>^^6$^^cSffi^:ffiC^c 0 7mitZmfrZ 
0. 2 Mm, ttf4£Z nOiUc. KSa^fiSfilf >T 

3*iSGaN4MSaPt -P s O«*tt4t3 0 0MiB 
«:BS<bL/c. «»CC?#6n/cGaN#MSP, <D^ffl 
^SH'JSUciC^, 29sect'*l £/c. -^<7> 
/S*tt3 0 5 yint'^t 
[0 02 1] «KM2 

«r»0ii-r**6JCf*^.r, HI «c*5W4XS3«:*-rj: 
20 5tC % Ga NftfeWxt^ + y t^t^gtC. ^ 
©lfO^?7 7i*»iO. »r/caSIS*«Ccift©G 
a Nm&XDimSkt LtcXimt. HKW U4< I5I«<D 
GaN*Bfi©fiaS«:tfo/c. ti^^n/cGaNf 
*SSP, ©oWtt, *«£*B#2 8sectM, * 
/c, *<DmM*2 8 9 Mmf*^c„ 
[0022] iiW3 

sWUWtli. ±IfiHK«l2^*5W^«73©S«iU 

'*yyrm±. GaN^i^e^^SKDiM 
30 C^/cW^W, HKW2i±<EI«©GaNmfSa©ft» 
«fofc e 3.»©S«0«f^X?l«rffi^Ctt?arS. /I 
^3 0 0/im, Ii5cmX5cmW7 7-/7f| B B H l 
feJbtc. ^7 7TBiltAlN?:MOVPEffi«Cj:-5 

CO* &TttmrtX$:WWjL. [5]DMOVPEfficJ:-9t 
Ga N«tSA«:ff»2 Min^'Xf^y + «^# 

rmmtL. vy7 -fT*saa«i. ain^^th 

c . G a N ^*aa<D^S £ 6 ft Slfi/Sft 3 0 2 MmO 
40 GaN»*SaP, <0 D a a Jfte\ 3MB£*B#2 5 s e cT* 
[0 0 2 3] HKCT4 

±EJI««2«:*ji»r. mj](osmp 0 

7r®0»f4<tLr (BeO),.„ (ZnO) 
o.«, *ffll>/cfeWtt. H»«2i±<Ria(DGaN* 

tsa wess ^ tf o /c *mmc £->xf&mc&htitcG 

aN^ISaP, ^oStt ¥ffi±*l*«2 8 sect* 
50 0. */c. ^©l»«30 1/imt*o/c. 
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[0024] mmmb 

T Stable. ft&<Dm&1y&fc£ZGzl*m&ik<D&n 
Zm^tCo il$ 3 0 0 Mm, ESS 5 c mx 5 cmCDIf 7 
r -Y T*£Hfflg±K: . XA7*'J> Office J;otZnO 

©±CCHVPEtcj:orGaN^IS H ^ff3 25 0/im 
Htt> *ffi±*I#4 2 0 sect'^o/c o 

[0025] ±imm&mx*whfrte&*> ec, *«w<d 

[0 0 2 6 ] **WCE>*ifi*ffiCCJ:-jr» 6*14. C<7> 
J:9«c*n a nffC»C»GaN*B»tt. W£?4*-F 
(LED) % I — tf-^^-F (LD) v x-^-jU 

LED. LD^OS!iS^pJffi<b&4 0 tft6<Dfr2»rfc 

[0 02 7 ] C*^tc<t4GaN**SS4fflC^cLE 

St±Ji®*&j£lt# I no.u 



* Ga N#|ga*S«<t Ut^/cLE D*HBIK:«yg 
U ^Op D oK^51ISL/c 0 ft*o a aK©GaN«MS 

fEU *«WOG a N«B*4Ifiit 5 L E D©dW 
<ttfc«0/c. Ko D D f©GaN#^ B <!:Lt^ 
e^'30 0 sec(D^fflO/c 9 LEDWnlti, ft) 

&g8 5%<D?£fflmtpt f a6^X2 OmAOSSttCi^t 

*A, fiT^2-57fe«%^B. {gT^5-10%£C 

3o(0^>^tc^C^/c o LE DCDtJfitte, 
SfSjfrffitcj^rfS 6^/cGaN^S a ^iSil, K 
SKJbtt:, n-A 1 GaN^7^ Ki, T>K-7*(DI 
nGaNSffll. p - A 1 Ga N * FJlfcJftXJSS 

J:4Ga N#tSS©Sfi<Dn°aK«. *ffi£*I#3 0 s e 
c v 100 sec, 2 5 0 s e c <D3 fl$rc£>4 0 J¥ * 
teT-<T2 8 0 umX'foZ. */c. r£ttJl<D I n G a N 
20 ©fflflUttt. I n 0 5 Ga p. B5 N <h. In 0 , 5 Ga, n 

K 2tt^ir o 
[0028] 
[«1 ] 

G a o .eNT^^LE D 





FWHM 
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1 0 0 
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2 5 0 
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GaN 


3 0 0 


1 . 1 
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»JJ»<z>ffK 


^ tit 




(sec) 


(candela) 




GaN 


3 0 


2. 9 


A 


G a N 
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2 5 0 
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3 0 0 
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2. 0 
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[0030] Si. 2CC^TJ:^K:, ^WlC£Z>m& 
S^Ga N^e^ifii l/tfflt^L E ftBt8<z> 

[0 0 3 1 ] £tc % LDiCibtW, ^CD3[g*^ffliSr 
[0 0 3 2 ] 



est*, mmc o /ct^n^i ?mrj:mfr zmn 

cfc 5 ^iSp D DMr'^^il^^|5]B#tcffix./cG a 

*»atca«rsc£^-c#s. tot, 

/cfcfcH JSftttos*? St **if* tv < ^ x % |# -5 t c a&cc »® a 
G a Nf& B H (7)lfi^fIR1-^ C i t ^-5 0 
^©S»;*ffitt. GaN^M B s B ^M H B Q n° D »0^±4oJ:^ 

P. -P. GaN$e B B 0 
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